Basil (Ocimum basilicum L.) is one of the most important culinary and aromatic plants in Iran. Surprisingly, no commercial cultivar is available across the country and farmers are cultivating landraces. The main purpose of the present study was to describe the diversity among and within landraces of sweet basil as well as developing new genotypes for cultivar development. Twenty two genotypes of basil including Iranian landraces and international cultivars were evaluated in a randomized complete block design with three replications in 2017. Three Iranian landraces, 'Isfahan3', 'Birjand' and 'Malayer' were recognized as superior landraces. Dry herb for them was recorded as 3309, 3191 and 3175 kg ha , respectively. Also, the content of essential oil in 'Isfahan3', 'Birjand' and 'Malayer' was obtained as 1.43, 1.85, and 1.79% (w/w on dry weight basis), respectively. Due to existence of high diversity among landraces, broad-sense heritability estimates were over 98% for all of the evaluated traits. Among these landraces, 14 full-sib families were produced via controlled pollination. In another experiment the full-sib families were compared. For all measured traits, there were highly significant differences among full-sib families. The best family in each landrace was selected for cultivar development in future breeding programs.
Introduction
Recently there has been renewed interest in consuming medicinal plants and their essential oil. Basil (Ocimum basilicum L.) is one of the most widely consumed medicinal plants in many countries (Malekpoor et al., 2016) . There are many evidences that show the basil essential oil has antibacterial, antioxidant, fungistatic and insecticidal activities (Carović-Stanko et al., 2010; Politeo et al., 2006) . Due to its unique flavor, basil leads the market among culinary and aromatic plants (Jordán et al., 2017) . Basil is one of the most important herbs in Iran which is usually consumed freshly.
Absence of commercial cultivars with high yield and good quality has led to low income for farmers and gradually the basil farms are replaced with other more economically profitable plants. In Iran there are a lot of landraces grown in different parts of the country. Although both green and purple landraces are found across the country, the green types are more widely cultivated. However, no commercial cultivar exists so far for this plant in Iran. Landraces are locally grown populations which are a collection of many different lines and genotypes. The lines may be different genetically and phenotypically (Brown et al., 2014) . No estimation exists about the intra-landrace variation for different traits in sweet basil landraces of Iran. Breeding strategy is closely dependent on the mode of pollination. The rate of outcrossing in basil varied from 1.6 to 19.9% depending on the variety (Nation et al., 1992) . Line selection is the first step for improving a cultivar from a landrace in self-fertilizing plants. Landraces of basil are a mixture of many inbred lines. Selection of single plant, which is homozygous, and propagating its seeds leads to production of a new pure line. As a result, all individuals in a pure line are genetically identical and their phenotypic variation is not heritable (Singh and Singh, 2015) . It is recommended that several pure lines be selected from a landrace and their breeding value be tested via progeny test. Simply, the seeds (progeny) from each plant will be cultivated next season and the performance of progeny will be evaluated by measuring agronomic traits and chemical compositions.
Due to high variation in morphological and biochemical traits in basil, prior to start of any breeding project, information about both morphological and biochemical characterization is very important (Varga et al., 2017) . High level of genetic diversity in Ocimum basilicum L. is attributed to intraspecific hybridization and long-term uses around the world. Both morphological markers and volatile profile have been proposed as effective tools for cultivar detection in breeding programs. According to morphological traits in basil, six morphotypes have been characterized as true basil, small-leaf basil, lettuce-leaf basil, purple basil (A), purple basil (B) and purple basil (C) (Carović-Stanko et al., 2011) .
A considerable amount of literature has been published on basil most of them about chemical composition and yield of essential oil (Hadipanah et al., 2015) . Surveys such as conducted by Pirbalouti et al. (2013) on two Iranian landraces of basil originated from Isfahan province showed that the oil yield was 0.56 and 0.48 ml per100 g dry weight for purple and green type, respectively. Methyl chavicol and linalool has been reported as the main components of oil in purple landraces while in green landraces it was methyl chavicol, geranial and neral (Pirbalouti et al., 2013; Sajjadi, 2006) . According to the components in essential oil, the sweet basil has been classified in five oil profiles including (i) linalool; (ii) methyl chavicol; (iii) both linalool and methyl chavicol; (iv) both linalool and eugenol and (v) both methyl chavicol and methyl eugenol rich profile (Grayer et al., 1996) .
There is a strong demand among growers for new high performance cultivars. Also, the chemists are seeking for basil oil with characteristic profile. These demands are emphasizing the development of new basil cultivars with diverse characteristics. To the best of our knowledge, there is no documented effort for breeding a commercial cultivar of basil in Iran. This is evidenced by lack of commercial cultivar with acceptable yield and quality in the country. On the other hand, many diverse landraces are grown across the country which we assumed were mixture of many different genotypes. With this in mind, the aims of this study were: 1) determining the best landrace of basil among 19 landraces gathered from different parts of Iran by evaluating agronomic traits and volatile profile, 2) producing several pure lines (full-sib families) via selection of single plants from best landraces and distinguishing the best lines in hope for development of new cultivars and 3) determining the difference in performance of Iranian landraces and international cultivars.
Material and methods

First experiment: the selection of high performance landraces among 22 populations
The aim of the first experiment was to identify the superior landraces. Meanwhile, in each landrace best plants were selected phenotypically and self-pollinated to produce full-sib families.
Plant material
In this experiment 22 landraces and international cultivars of Ocimum basilicum L. were studied (Table 1) . Iranian landraces were obtained from local farmers across the country. It was decided to collect most popular landraces from different climates across the country. International cultivars were purchased from Bazram company (www. bazram.com). In first season (summer of 2016) the plants were grown for seed propagation. From each landrace 30 plants were used for seed harvesting.
Field evaluation
In spring of 2017 all 22 landraces and international cultivars were evaluated in a randomized complete block design with four replications (Fig. 1) . Prior to flowering, plants were harvested in each plot from the central part to measure fresh herb. The 'herb' is defined as the stems, leaves and flowers of the plants from the harvested area. Plants were cut from the top of soil surface. In each plot 25 cm was considered as margin and the plants in an area of 2 m 2 or 800 plants were harvested. The fresh matter was measured in each plot. To measure dry matter and obtaining essential oil we did the following steps: 1-The harvested fresh plant material was dried in a shady room (no more than 35°C) to avoid losing volatile compounds during drying for four days. 2-The air dried material was used for essential oil extraction. 3-A representative sample from air dried material (100 g) was prepared and oven dried for 3 days at 70°C. In this step the moisture content of air dried material was determined and used for calculation of dry material. 4-According to the result from step 3, the essential oil content was recalculated based on dry material.
Content and composition of the essential oil
According to the results of field evaluation three landraces ('Isfahan3', 'Birjand' and 'Malayer') were selected from the Iranian genotypes as the superior landraces. From each three independent replications of these landraces, 100 g of air dry weight was used for oil extraction. Also, the 'Napoletano' was used as an international control cultivar for this purpose. However, as there was not enough air dry leaf for oil extraction in 'Napoletano', air dry matter from three replications were pooled and 100 g was used for oil extraction. The oil extraction was carried out by hydro-distillation using 100 g of leaf air dried weight. The process was carried out in a Clevenger-type apparatus for 3 h. The extracted oil was transferred to a micro-tube and its weight was measured with a precision balance and reported as percentage of leaf dry weight (w/w). The correction of oil content based on dry material was done after determining the moisture of a representative air dried sample (see above). Oil yield calculated by multiplying the essential oil concentrations by the leaf dry weight. To characterize the chemotype of selected genotypes, the essential oil was analyzed using GC/MS. The GC analysis was carried out using TRACE MS (ThermoQuest-Finnigan) equipped with DB-5 column. The carrier gas was Helium and flow rate was 1.1 ml min −1 . The mass spectrometer was operated in electron impact ionization mode. The ionizing energy was 70 eV. The quadrupole temperature was 200°C.
Data analysis
Data preparation was done in Excel (Microsoft Office). First of all it was intended to examine the difference among all landraces and cultivars. So analysis of variance (ANOVA) for measured traits in 22 landraces/cultivars of basil was carried out by SAS (ver. 9) . In this analysis the conditions (treatments) were 22 genotypes (including Iranian landraces and international cultivars). The experimental design was randomized complete block design (RCBD) with four replications. According to expected mean squares in ANOVA the phenotypic and genotypic variance were calculated with following formula:
where V e is the error variance and MSE is the error mean squares.
where V g is the genotypic variance, MSG is the mean squares of genotypes and r is the number of replications.
where V p is the phenotypic variance.
Broad-sense heritability (h 2 ) for each trait was calculated as following:
Phenotypic (PCV) and genotypic (GCV) coefficient of variation were calculated according to following formula:
where m is the mean value for each trait in the experiment. According to the obtained results, the best landraces were determined.
Second experiment: comparison of the generated full-sib families
The aim of the second experiment was to evaluate the full-sib families extracted from the superior landraces from the first experiment and finding the best full-sib families considering agronomic and oil content traits.
Plant material
To obtain full-sib families, in evaluation farm (spring 2017) 3-5 plants in each landrace, prior to flowering were selected and covered with paper bag to avoid cross-pollination. The selection was carried out phenotypically i.e. the strongest plants with many branches were selected. The seeds from selected plants were collected and stored for next experiment. Hence, the seeds of every single selected plant was collected and considered as an independent full-sib family. After data analysis of first experiment, three landraces of 'Birjand', 'Isfahan3' and 'Malayer' were recognized as the superior landraces.
Evaluation of full-sib families
In 2017, August, the seeds of selected plants from the superior Iranian landraces along with the seeds (full-sib families) of three plants from 'Napoletano' (altogether 17 full-sib families), were cultivated in a randomized complete block design with three replications. The plot area and cultivation methods were the same as the first experiment. The morphological traits and oil content were evaluated as in the first experiment. Leaves were separated from stems and weighed separately. Leaf recovery rate was calculated as dry leaf weight obtained per one kilogram of dry herb. The shape of leaf in selected full-sib families was recorded by a photographer.
Data analysis
The main question in the second experiment was that if there were significant differences among different full-sib families extracted from each landrace. To test this hypothesis, all 17 families were examined using ANOVA. In this analysis the conditions (treatments) were 17 fullsib families evaluated in a randomized complete block design with three replications. After mean comparison, the best family in each landrace was recognized. Means were compared by Duncan Multiple Range Test, and a probability level of p < 0.01 as the criterion for significant difference was adopted.
Results and discussion
First experiment: Evaluation of landraces and cultivars
Analysis of variance and comparison of means for fresh herb, dry herb, dry leaf weight and essential oil percent showed significant differences among 22 basil landraces (Tables 2 and 3 ). Due to large difference among landraces, high estimates of broad-sense heritability were obtained for all measured traits. Genotypic and phenotypic coefficient of variation for essential oil yield was higher than other traits. It is apparent from Table 3 that international cultivars ('Napoletano', 'Genovese OG' and 'Swiss') were less productive than Iranian landraces considering fresh and dry herb. 'Isfahan3', 'Birjand' and 'Malayer' were the best landraces for fresh herb with 34,296, 32,003 and 31,266 kg ha
, respectively. For dry herb, the best three landraces were 'Isfahan3' (3309 kg ha ). The fresh and dry herb of 'Napoletano' was 8522 and 808 kg ha −1 , respectively. None of international cultivars had dry herb over one ton per hectare. In a research conducted by Sifola and Barbieri (2006) , the range of fresh herb for three cultivars were 25400-32600 kg ha −1
. Big difference for fresh and dry herb was observed among Iranian landraces. The best landrace was 'Isfahan3' with 34,296 kg ha -1 fresh herb, while the least amount of fresh herb was recorded for 'Kermanshah' with 9285 kg ha −1
. In another study the fresh and dry herb of an unknown Iranian landrace of green basil was reported as 11,967 and 1903 kg ha -1 , respectively (Tahami et al., 2017) which is much less than the superior Iranian landraces in this research. These results show that there is big diversity among Iranian landraces considering different traits and selection will help in genetic improvement of this vegetable. The highest content of essential oil was found in 'Birjand', 'Isfahan3′ and 'Malayer' with 1.85, 1.43 and 1.79% (w/w on dry weight basis), respectively. The essential oil content of purple landraces was significantly lower than Iranian green landraces. The essential oil percentage in all international cultivars ('Napoletano', 'Swiss' and 'Genovese OG') was less than 0.17%, much lower than that in Iranian landraces. If the purpose of basil cultivation is medicinal usage, oil yield will be economically more practical than essential oil percentage. Among 22 landraces and cultivars, the highest oil yield was recorded for 'Birjand' with 59.7 kg·ha −1 followed by 'Malayer' and 'Isfahan3′, ), 'Khash' produced low essential oil content (0.87%) and consequently its oil yield (21.2 kg ha −1 ) was not comparable to the best landraces. According to the results of this experiment, it is persuading that the landraces 'Birjand', 'Malayer' and 'Isfahan3′ are the superior landraces considering both foliar and oil related traits. To have a better evaluation of these three landraces, three replications of them were used for GC/MS analysis. Table 4 shows the main components detected in their oil. Also, the result of GC/MS for 'Napoletano' as an international cultivar is shown. The GC/MS analysis of volatile oil of basil landraces and cultivars allowed the identification of 3, 7, 9 and 10 components that made the major profile for 'Birjand', 'Isfahan3′, 'Malayer' and 'Napoletano', respectively. The chemical profiles of the four landraces were different. The main component in Iranian landraces was methyl chavicol. The lowest variation in components was found in 'Birjand' where nearly 94% of essential oil was made of methyl Table 2 Mean squares of ANOVA, genotypic variance (Vg) and phenotypic variance (Vp) estimates, genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV) and broad-sense heritability ( h 2 ) for basil traits measured in 22 landraces and cultivars in a field experiment. These data belongs to the first experiment. independent replications. For 'Napoletano' a pooled sample from three replications was used for GC/MS analysis.
Source of variation
chavicol. According to the classification proposed by Grayer et al. (1996) the Iranian landraces are categorized as methyl chavicol rich profile while 'Napoletano' had a linalool-methyl chavicol rich profile. The components in oil of 'Isfahan3′ and 'Malayer', were more variable than that of 'Birjand' as their oil was composed of more different components. As pharmacists are seeking new cultivars with characteristic volatile profile, this feature is going to be one of the most important factors related to basil quality. The varied orders of abundance among major components between genotypes are probably more related to the genetics and origin than to environmental factors (Jordán et al., 2017) . Our results are in agreement with those obtained by Pirbalouti et al. (2013) who reported the methyl chavicol (44.93%), geranial (17.61%) and neral (15.04%) as the most abundant volatile components in an Iranian green basil landrace. The volatile profile of 'Napoletano' obtained here is similar to that reported by Sifola and Barbieri (2006) where the most abundant components were methyl chavicol and linalool at full bloom. Minor differences between the volatile profile of 'Napoletano' reported by Sifola and Barbieri (2006) and that in present study are probably due to different harvest time, as in current research the harvest carried out just before flowering. Methyl chavicol was the most abundant volatile component in Iranian landraces. High standard error rates were measured for some components implying that some unknown environment factors are effective on these components. To harvest the highest amount of oil with specific components not only the best cultivars should be selected but also the best growth condition and time of harvest should be planned. Also, it has been shown that N fertilization could induce significantly the essential oil yield via increasing of leaf essential oil content and leaf herb (Sifola and Barbieri, 2006) . The landraces from Isfahan province, in general, are more popular and well accepted by the society for foliar consumption presumably due to their balanced components in essential oil. The high rate of methyl chavicol in volatile oil of Iranian genotypes may be attributed to pre-flowering harvest of shoot. In a research conducted by Al-Kateb and Mottram (2014) it was evidenced that this volatile decreased from pre-flowering to post-flowering stage significantly in Ocimum citriodorum Vis.
Second experiment: full-sib families evaluation
There is disagreement about the pollination mode of basil when we reviewed different researches. While in some researches it has been reported as a cross-pollinated plant (Saran et al., 2017) in other researches it has been reported as a self-fertile plant (Djalali FarahaniKofoet et al., 2014) . In our research we found two pieces of evidence which confirmed the studied basil genotypes are mainly self-fertile. First, for full-sib family production the flowers were covered and compulsory self-fertilization took place. At the end of season, we collected seeds from the covered flowers i.e. this plant does not have any kind of self-incompatibility which leads to cross-pollination. Second, for two seasons on farm, different landraces were cultivated beside each other without isolation. In nearby plots there were purple morphotypes. Previous researches have shown that the anthocyanin expression in vegetative tissue is controlled by two dominant genes (Phippen and Simon, 2000) . The seeds were collected in two seasons and we could not find any purple plant among green type landraces in next generation. According to Mendelian inheritance, if cross pollination takes place, in next generation we should found some purple plants among green types. However, our conclusion is that the rate of cross- ** Significant at p ≤ 0.01. ns : non-significant. α Fourteen full-sib families were extracted from three superior Iranian landraces ("Birjand", "Malayer" and "Isfahan") and three were extracted from "Napoletano". pollination is low in Iranian landraces. Also, as the flowering time of Iranian landraces was not coincided with that of international cultivars, we have no conclusion about the mode of pollination in international cultivars. However, this finding needs to be interpreted with caution. Variable rate of outcrossing (1.6 to 19.9%) has been reported previously in this plant, depending on different varieties and different conditions (Nation et al., 1992) . Analysis of variance among 17 full-sib families showed that they were significantly different and high variation exists among them considering different traits (Tables 5 and 6 ). From the selected landrace 3-5 full-sib families were produced as an attempt to ascertain whether there is intra-landrace genetic diversity. High differences among families in each landrace demonstrated the efficiency of full-sib family selection and development of new cultivars. In this experiment it also was found that the Iranian landraces are much better than 'Napoletano'. Table 6 shows the results of measured traits in different full-sib families produced from each landrace. The full-sib families differed significantly for most traits.
If the best full-sib families are selected in each landrace, considerable genetic improvement will be happened for most traits. Few significant differences were found for leaf dry weight and leaf recovery rate in terms of within landrace differences (Table 6 ) implying that there is no genetic diversity for these traits among different families in each landrace. B5 in 'Birjand', I4 in 'Isfahan3′ and M2 in 'Malayer' are the best full-sib families based on evaluated traits which can be considered as candidates for developing new cultivars (Table 6) .
From the practical point of view, fresh and dry herb are more important for farmers in Iran as this plant is mainly consumed as fresh vegetable across the country. Furthermore, the essential oil yield is commercially important as commercial companies are extracting the essential oil for medicine production. Due to the limited understanding of genetics and genome structure in plants such as sweet basil, the efficiency of breeding strategies has been reduced (Pyne et al., 2017) . However, full-sib family selection as the first step of breeding is not highly dependent on sophisticated genetics tools.
Figs. 2 and 3 provide an impression on the variability of the leaf shape of the investigated genotypes. According to the morphological marker proposed by Carović-Stanko et al. (2011) , 'Napoletano' is classified in 'lettuce-leaf basil' and Iranian basil landraces are classified as 'true basil'.
Conclusions
High oil yield was quantified for 'Isfahan3′, 'Malayer' and 'Birjand'. In contrast to Iranian landraces, international cultivars exhibited weak performance. In brief, the Iranian landraces were very different from international cultivars in fresh and dry herb. Also the oil composition of selected Iranian landraces was different from that of 'Napoletano'. The high rate of standard error shows that the volatile profile is not stable. Compared to Iranian landraces, the oil of 'Napoletano' exhibited more balanced components. According to our results, it is hypothesized that landraces are mixtures of different genotypes with significant differences in important traits such as fresh and dry herb weight as well as oil related traits. Altogether, in this research superior landraces were identified followed by selection of best full-sib families within them. Lack of high performance cultivars has led to many problems such as low yield, low oil content, genetically heterogenic seeds and uneven culture. These problems can be minimized by commercial seed production with valid certification and determined characteristics. Selection of full-sib families from existing landraces could markedly increase the yield and quality of this vegetable. Our results show the necessity of cultivating new cultivar developed via family selection rather than cultivation of existed landraces. It is supposed that crosspollination rate in Iranian basil landraces in current research is low and consequently the full-sib families selected here are relatively homozygous. The best full-sib families derived from superior landraces, therefore, have high potential to be developed as new cultivars. In next experiment the selected families (lines) should be compared with each other and with the local landraces over two or three years. If they are superior to the local landraces and if they can pass DUS (Distinctness, Uniformity and Stability) test, then one or two of them will be released as new cultivars.
